INTRODUCTION {#sec1-1}
============

Analyses of various gingival crevicular fluid (GCF) biochemical markers have been proposed as a means to predict clinical attachment loss (CAL). Among the important GCF components are the various enzymes. A response of an organism to the periodontal infection includes production of several enzyme families which are released from stromal, epithelial, inflammatory or bacterial cells. The enzymes of tissue degradation are aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transferase (GGT), alkaline phosphatase (ALP) and acid phosphatase (ACP).\[[@ref1]--[@ref3]\] There are enough studies available in the literature, correlating the levels of these enzymes in GCF with the severity of periodontal disease.\[[@ref4][@ref5]\] However, there are inherent problems in collecting GCF in a routine office dental setting. The sampling technique is not easy as a long time is required for sample collection and it only reflects gingival inflammation at each specific site sampled. Thus, GCF is not suitable for mass screening.\[[@ref6]\] Recent studies have shown that these enzymes can be quantified easily in saliva sample.\[[@ref3][@ref7][@ref8]\] The use of saliva to measure these biomarkers (enzymes) offers several advantages over GCF. As collection of saliva requires no specialized equipment or techniques, it is faster and more convenient for the patient and the practitioner to collect. In addition, whole saliva represents a pooled sample with contributions from all periodontal sites, and analysis of biomarkers in saliva may provide an overall assessment of disease status as opposed to site-specific GCF analysis.\[[@ref9]\]

Research objectives in this study were the following:

Measurement of activities of ALP and ACP in saliva of healthy persons and comparison with the activities in patients with periodontal disease.Comparison of the activities of ALP and ACP in saliva of the patients with periodontal disease before and after treatment.

MATERIALS AND METHODS {#sec1-2}
=====================

Experimental design included 20 patients with gingivitis; 20 patients with periodontitis, and 20 healthy adult volunteers. The categorization of the patients was done based on the following evaluation parameters: gingival index (gingival index (GI); Loe and Sillness), probing depth (PD) and CAL. Patients having at least four teeth with ≥5 mm CAL and moderate bone loss on orthopantomogram (OPG) were categorized in periodontitis group. Patients with a history of smoking, alcohol consumers, those who had taken antibiotics in past 6 months or who had undergone periodontal treatment in the past 6 months were excluded from the study. Pregnant and lactating mothers were also excluded.

As the initial examination, each subject completed a detailed medical questionnaire and received a complete periodontal examination, which included: GI (Loe and Sillness), PD and CAL. Patients with periodontal disease were under conventional periodontal treatment consisting of oral hygiene instructions, scaling and root planing. Saliva sample was collected at baseline and 3 weeks post treatment. Patient was asked to rinse with 15 ml of water (to wash out exfoliated cells) and then chew paraffin wax for 5 minutes. The stimulated saliva (10 ml) of the patient was collected in a sterile test tube. The saliva sample was stored in refrigerator (2°C--8°C) until it is transported in an ice bag to the lab where the activities of the salivary enzymes, ALP and ACP, were determined spectrophotometrically with the help of an autoanalyser. The saliva samples were centrifuged (Remi C-24, India) at 11180 g for 10 minutes. The enzyme activities in saliva were determined spectrometrically by the international federation of clinical chemistry (IFCC) method on the Hitachi Automatic Analyser using ALP reagent and ACP reagent as substrates. Group 1 (healthy subjects) was provided no treatment. Group 2 (gingivitis patients) and Group 3 (periodontitis patients) received oral prophylaxis which included scaling and root planing. The statistical analyses applied were the following: mean value, standard deviation, standard error, Student\'s *t*-test. Probabilities less than 0.05 (*P*\<0.05) were considered statistically significant.

RESULTS {#sec1-3}
=======

The obtained results showed that the activities of enzymes in saliva of the patients with periodontal disease were significantly higher in relation to the control group. The established differences showed a high level of statistical significance (*P* \< 0.001) \[Tables [1a](#T1){ref-type="table"} and [1b](#T2){ref-type="table"}\]. After conventional periodontal treatment, the activities of salivary enzymes along with various evaluation parameters decreased significantly \[[Table 2](#T3){ref-type="table"}, Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\].
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Differences between ALP and ACP activity (IU/L±SD) in saliva of healthy and patients with periodontal disease (gingivitis patients and periodontitis patients)
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Mean difference of baseline and post-treatment salivary enzyme levels
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Mean values of various parameters at baseline and 3 weeks after periodontal therapy in all the groups
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DISCUSSION {#sec1-4}
==========

CAL readings by the periodontal probe and radiographic evaluations of alveolar bone loss measure damage from past episodes of destruction and require a 2--3 mms threshold change before a site can be identified as having experienced a significant anatomic event. Advances in oral and periodontal disease diagnostic research are, therefore, moving toward methods whereby periodontal risk can be identified and quantified by objective measures such as use of biomarkers.\[[@ref10]\] Numerous biomarkers in GCF have been proposed as diagnostic tests for periodontal disease.

These enzymes are indicators of higher levels of cellular damage and their increased activities in GCF are a consequence of their increased release from the damaged cells of the soft tissues of the periodontium and are a reflection of metabolic changes in inflamed gingiva. There are enough studies available in the literature, correlating the levels of these enzymes in GCF with the severity of periodontal disease.\[[@ref4][@ref5]\]

ALP and ACP are intracellular enzymes present in most of the tissues and organs, particularly in bones. Their increased activities might be a consequence of destructive processes in alveolar bone in advanced stages of development of periodontal disease.\[[@ref3]\] Some studies have shown a remarkably increased activity of ALP in the acute phase of periodontal disease, and after periodontal therapy, the activities of these enzymes restored to the values found in healthy persons.\[[@ref11]\] Here again, these studies referred to the GCF.\[[@ref12][@ref13]\]

Previous studies mainly investigated the activities of these enzymes in the GCF, which is in a much closer contact with periodontal tissues and, due to this, it surely reflects the occurrences in them much better. However, the problem with the GCF is that the technique of collecting is rather complicated and that in a routine procedure, which possibly might be established, it would be hardly feasible in practice.

The activities of these enzymes can also be proved in saliva, as these enzymes are found even in blood of healthy persons. When a periodontal tissue becomes diseased or its cells become damaged due to edema or destruction of a cellular membrane, i.e. of a cell as a whole, these intracellular enzymes are increasingly released into the GCF and saliva where their activity can be measured. Contrary to the GCF, there is plenty of saliva, the procedure of its sampling is much easier and more bearable for the patient. Being a simple and non-invasive method of collection, salivary diagnostic tests appear to hold promise for the future.\[[@ref14][@ref15]\]

This study shows that the increased activity of certain tissue enzymes in periodontal disease can be proved in saliva as a reflection of pathological changes in the cells of periodontal tissues. The present study indicates that salivary ACP and ALP levels are significantly increased in patients with periodontal disease and the salivary enzyme levels decrease in concomitance with the periodontal treatment.

The increased activity of ACP, and especially that of ALP, indicates that the pathological destructive process had affected the alveolar bone, which means that periodontal disease had significantly advanced.

ALP and ACP are among the enzymes most commonly associated with bone metabolism.\[[@ref16]\] ALP is enriched in the membranes of mineralizing tissue cells (e.g. osteoblasts) and is also present in polymorphonuclear leukocytes (PMN) granules. ALP is produced by some oral bacteria, including gram-negative microorganisms found in subgingival plaque. In our study, we could see a highly significant rise in salivary ALP levels in gingivitis (*P*=0.002) and periodontitis patients (*P*=0.001) as compared to the healthy controls \[[Table 1a](#T1){ref-type="table"}\], thereby indicating the pathological changes occurring in the underlying periodontal tissues.

The potential value of ALP as a biomarker of periodontal disease was identified by Ishikawa and Cimasoni.\[[@ref17]\] They showed a significant correlation (r=0.49; *P*\<0.05) between ALP concentration in GCF and pocket depth. More recently, a study with longitudinal design demonstrated a 20-fold increase of ALP activity at sites with 2 mm or more of attachment loss.\[[@ref18]\] As per the reported results of this study, though the levels of salivary ALP were higher in periodontitis patients as compared to the gingivitis patients, the difference was not statistically significant (*P*=1.000) \[[Table 1a](#T1){ref-type="table"}\]. The difference between the post-treatment and the pre-treatment values of salivary ALP was statistically significant (*P*=0.001) \[[Table 1b](#T1){ref-type="table"}\], which is consistent with the findings reported by Numabe *et al*.,\[[@ref14]\] wherein a decrease of ALP activity in saliva was observed after scaling and root planing. As per Zambon *et al*.,\[[@ref19]\] ALP activity which was reported to be 30.0±8.9 decreased to a level of 24.0±8.0, 2 weeks post treatment.

ACP is among the enzymes associated with bone metabolism. It is present in neutrophils and considered a lysosomal marker. Desquamated epithelial cells, macrophages and several bacteria, including *Actinobacillus, Capnocytophaga* and *Veillonella*, also produce this enzyme. In our study, statistically significant increase was seen in the activity of salivary ACP in patients with gingivitis and chronic periodontitis when compared to healthy subjects \[[Table 1a](#T1){ref-type="table"}\]. Our findings are related to the previous findings of Todorovic *et al*.,\[[@ref4]\] who, in 2006, reported a statistically significant increase in ACP activity in patients of chronic periodontitis when compared to healthy subjects. Although the levels of salivary ACP in this study were higher in periodontitis patients as compared to the gingivitis patients, the difference was not statistically significant. The activity of salivary ACP was found to significantly decrease post treatment (*P*=0.001) \[[Table 1b](#T1){ref-type="table"}\]. Similar results were reported by Todorovic *et al*.,\[[@ref4]\] where a significant decrease in activity of ACP was seen after periodontal therapy. Results of salivary ACP levels in this study do not correlate with the findings of Zambon *et al*.,\[[@ref19]\] who reported no change in the levels of ACP activity when pre-treatment levels (40.0±0) were compared to 2 weeks post-treatment levels (40.0±0).

CONCLUSION {#sec1-5}
==========

Salivary ALP and ACP levels reflect inflammation and destruction of periodontal tissues, suggesting their use as clinically useful biomarkers. Their raised levels in diseased individuals are probably a consequence of pathological processes in periodontal tissues where from these intracellular enzymes are increasingly released into the secretion which surrounds them (saliva) and the decrease in the activities of these enzymes after periodontal treatment is probably a result of periodontal tissues' repair.
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